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Abstract

Purpose - The purpose of this study is to explore the determinants of the organizational level for the
advancement of smart factory. We suggested three determinants of the organizational level such as
CEO’s entrepreneurship, high-involvement human resource management, and cooperative industrial
relations.

Design/methodology/approach - The population of our survey was manufacturing SMEs, and we took
a sample and conducted a survey of 232 companies. Since the level of smart factory advancement,
which is a dependent variable, was measured on an ordinal scale, ordinal logistic regression analysis
was used to test the hypothesis.

Findings - The higher the level of high-involvement human resource management, the higher the
level of smart factory advancement. As the level of high-involvement human resource management
increases by one unit, the probability of smart factory advancement increases by 22.8%. On the
other hand, the CEO's entreprencurship did not significantly affect the level of smart factory
advancement. Interestingly, the cooperative industrial relations negatively affected to the level of
smart factory advancement, contrary to the hypothesis prediction.

Research implications or Originality - This study explored determinants at the organizational level
that affect the advancement of smart factories. Through this, various implications are presented for
related research and policy fields.
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5 B8t B4 /3 /AR 53 47140 m Adste] AA5E A AAE LdSe TS
srhEFApoleh Bth(led - vHEs, 20181 275). Wtk Belo] Helzi "MEUx 74 A Aol
HH5E sl sel, Hskn JEL S AUSHe 4B A% A, B, £ BTt

NS S8l AT 4TI IS onlEhrx SHAHE 9, 2015t 31), WHHR F2 HH A
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g, 2nlEZAL 13l 9 453 E o= HJr Fros FFetvtd wjel o8 o] 1xs)
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2] she JEsE e i R Waolt, WA 2nteEgAre] ALt ofg 2R
oM e AE FFdd Wk (Table 1) 3 Zo] 2A oAl 7tA2 FREICH(HS S 9, 2020). F,
JAE Y 7|&0] A&t whe} 712 oA (basic level), #7143 194 (intermediate level 1), 37+
A (intermediate level 2), 1153} @A (advanced level)d] ©@AS AA A<3A =a=d, /1E
o] =Y FFo| o] F ot 5}]%5]%*]"1] we} 2rEFR ] VeAdE Fod TEY & QUth
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Table 1. Levels of Technological Maturity in Smart Factories

Level Description
« Automation level to aggregate production performance information
Basic Level « Basic performance information aggregation by lot, basic sensors such as

barcode, counter and timer

« Automation level to aggregate production performance information

Automated measurement information aggregation (measurement sensor)

« Automation of production performance information and measurement information
« Facility control automation, recipe generation and PLC control

Intermediate Level 1

Intermediate Level 2

« Unique identifiers and activities for objects such as production and materials
Advanced Level » Implementation of automation through object identification and communication
between objects using the Internet

Source: Chong et al. (2020)
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(2017)¢8] AFolXE= HuAF A o A(CEO leadership)7t =&4%, ARAA(government assis-
tance)o] BE&FE, o|R#HAME(external consulting)e] E&& WSFE Iz 2FFAR
TS ~EFY =719 103719 2~rtEFH vy 7]y 10670E B as)
- HF#(2020)9] ATFATNME 71He] AFALEFO] =E5E, 7]
aA47|Pe] JEFHo] AArE, AAL LT} R AnlETAS 2T FEo] FU8HE AR e
742(2021)2] ATF-ellM= A2

o 3 slol T 714 2470e) QAN TFo AFRHL AW 1
Fulel, S8, 154, AU AT} Fo| AniEFg wele] FHA FFL vAE Ao

RS

SHH, 1] AT M T2 Fa7Y JAYEE e AntEFTHY FEord HX e TS
ghelshs WAooz YTt T4 AR 1678-&
71, A8l @, 312, VES A &7, Falgo] 845 2vlEFTY 8ok FgH ol fre
g FFE A oz ettt ~rtE HEE 2 T 71 AR 122799 BES gifes
AFEAS AA(2019)9] ATFolX= AZE A &) (perceived ease of use)t A|ZHE -84
(perceived usefulness)o] E=&4E AnlEFH Al2H o] x]L:A18-2] % (continuance intention)7} 34
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(innovativeness), 2134 (proactiveness), $1387+4 (risk-taking) o] 4| 7}A] sk dS 223},
2248 243517 Q8 vl 71A] Bdol AAHA o oA EEe Y B AEg 5342 Q] ool
= HFFor a3y, AFAHY A AR ukgdl TEHoly HIFHog FFI}, e
et 2o o] BAEY o] Eo HAE AFI Folt}k, $He YUAE 5H H=(1=A
5 ™A gt} S=ulle- a¥thE SAH o, dF /e Eakel tigt 39 AHE sty 719rHgAl
of st DAAFE &3t AF JHe] el uigh A== 4 AF, Cronbach Alpha 742 81321

o4

293 dAAL#E (high-invovlement HRM)¢l| #&¥ A3 ATolM= AMO o2& EUZ 54
1M AABE Y TALAE AWt Yot(iang et al., 2012; Lepak et al,, 2006), AMO o]&o]gt
B8 HAdRet 2T TS A= BFAA 2FHTAALY] I ability), F7
(motivation), 712|(opportunity) o’¢e] Al 7kA] Fjell 344l FFg Fol e IS 24X
st olgoltt. ol2igh Aol AAtete], B ATeM = EYF AXxAARE] Arg S8t FHolA
Sd(I), BAHE7D, FA0C1DY Al 7HA 498 Farste] £33 T8

PE nEE

i

%3 B ARE 2] A8 4 Far19el AYE BgED AL 2ARA. FAHOR,
A2 19 7k vheel olil 7 33l diE SEa mEde] AYHAEAE Evlw SPshae,

N OAHA dse thea ATk A, A AFS Watl gE mEEY, B4, A s
5 1% Wl whe TEED, A, AFe] FA PP Dayel 4E mEE, YA, 22A wEA
PP D94 N WEED, U, 158 B /15H a8 Boe AT BB, o, WA
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3 dagel w2 w&FH o AN sEAoltt, ZFEL oldl disf (1) HAEHAE, (2) #l B,
(3) ANBAFT §l oldel Al 7HA R H3IER stdint. o] & AAg A5 12 Zdsta, UYHAE
002 st & A EYF AXALHAE A= APAIS At 2APEAT, ZEI|HES
e 2,99, RFUARE 2,022 Zo = vehgth, Al 71 <d 3 59 A9 dE AxmEe
A2 % A< (ordinal reliability coefficient) g2 0.93¢]1 A2 2 ek},

T HARZ B #-E ARE S A8 &4 To71ddA A EHL s HVHAE B BAAEE
Zg3tlet. A ze thAgrkel ot ey Az AR SHIAL, BAAAEE A
Qg R)e] AP S8t 714 thagztd 2240 955 Wy o A&483 Apddar
ole]e] 5, Fa} T vhkdt AIRFER Hrtel RS st Ag st B8, B sl=uolgt
B7 7Y 2GRl A vhekek (AR, Balx F)o8 JF/Hrt AFE dEFal dFrdegelyt
A2 Fol7] Y3 S AslL FHIhe ARE 7R ol At 2ATALENA 2ot
AdAola TAHS] HFrHaAE Ao G-l ek ol5e] WAl# 57| (intrinsic motivation)&
WAATIE A BHo= gt sk, AFulEAlE 232 9] A gl ukel sleA AFse JAER
£ 7t olEldt Al=s Bl 7Y ANl Hxel 23] BERE FUARIEL FAAAEIA A3
&7](extrinsic motivation)& Algsts &35 7|  Qleh, Al 714 Aol e AR f{7E nigo s
ZAE AYEon, At B8 18, 2384 ¢ A9E 022 399 3 EdE sty
W ¥ AEE AEshnt. 2 R, R4S Wit 1.03, FEHakE 1.019] Ao vehyitt
Al 7 BA B A =B o] A2 e Al (ordinal reliability coefficient) & 0.68¢1 Ao 2 velstt}

npA o 2 o] B AEE SAs] 3 4 FA7I9M AR HAL e AT A= F 79
ool B g 278 ARES 83kt FAFeR, sl 7HA] Al=rt 2AESE ol IS
A AR =, 2T, F ZHolA, 5 wEEH, F71H '/Aks]e o) vl ZEA| o]tk AtA]
Tv N #hEe FAH s Z2Ale ARMEE E83a JEAE Mt AT
FFEE AAE Sl AaFS TE] AR F T #E ololtolg TRt olE AR
S ¥hdal= @52 on|dit), ¢ 2 ool ZEAP) thkst AT A|)e B HAE] B
2 ¥l BFIEE 3] Y8l F1Fer 2EAY] dA @Rl ofd v gFE 9gs =
AL oujgit}, trls w&FHold, S22t Ahle] F ol vE gF-E 7T s 8
o 24 AR ARAG o|FsleS sl 3g walth wiAwe R g7 "/aks|ofgt, Fpanyg
A HAHE 4 ZHEY FFoA Ar|dow APHs T2 IS JHE AoeRA, o] F3
ZHATHAES JAEAAA G Fofetal 202 HE o[ Hhe dghs &8 5 Q| "ot o)
ol 7hA] Amel sl HYFEE nigoez AL P Een, Agsts A9E 12, 21¥4] e
895 008 F93te] o] A A= kst 2AMET, FE7IGEY] HES 2.08, EFHAE
1.35¢1 Aoz vt oAl 7kA] Zo] #d dejg4l AleEe AL A4 (ordinal reliability co-
efficient) zx& 0.71¢1 Ao = yebyic},

4) R A

B4 mARAE 2EAsh AHgA ke B9 2917 B Bt YA T dYHAAE

4

YAE 53 Hu(1=v]$¢ hFZel, 2=thx Y, 3=124 283, 4=thx FHFHY, 5=rl$ F84Y)
ol el tAl 712 SHo g AR AAg &4kt AE, vil$- digHolele S 240

PHolghe $HL 57(2.2%), 1A 2T 7471(31.9%), tha FEHolghe &
FeEZolgts e9S 5071(21.5%)2 Ao = VERGTH

A
SN
S
B
S
2
o
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w3lrFo] JIS e LS EAlE] d FtE A, dAGA o7,
B, ARt s, AAY 52 SASATE. Ade 4 VYol & d A 9e zAFEFe]
oy E d3 }04 BARAY. Ae7718E 7IEd D (reference group)o 2, A, B3, de
A, $HA 5L grisR 2kEste] BAEIIh dedgAl oFe Zh 716l Z*Pﬂ AEAE Ed2
Eﬂﬂl HFR Fgete] SABIGTE. A FA} s AA =T OH‘%%E‘rt SHE VIEHGo R, AHAA
ofwt sFd == Ao s GA R B == A, 2L E BT P EA %t =371 B o)
Al 7HAE HrisRE 2bEdte] SAsHTE. AT RS 4 7Yl 2F < A - Bl%ﬁﬁ IR
Fhakste] st it 2AAE e AU AT} ZAAIAE(2018d) 2] AfolE AbEdte] wkedst it Ay
A= WiEolA FE AT X}Xlﬁ} H|Fg 2ax)88to] AhEat ). viAg o2 FATE 7]H 9
ANFEARAGE Fetstr] g o AAUn FAbeo] & (ROA)S 1HEshe] FAI8HSIT

FTEAF 2ERRY 1EsrEe STl AE5Y TR 5% 929—1/} %—{Z‘L_E ST
B 5 ¢17) w2 254 (ordinary least squares)e] 7HAS ¢uetrs Jukd9l 3HEA S 283
F gtk o] A% FE5HFT 209 TR FEErtd 2R 2F Q%ﬂ—g’ﬁ,( og1st1c regression) & &g
T o, B AFoxe) o] A&E wge] ) o]} HiFE 549 A A 2R 2y 3AEY
(ordered logistic regression)2 &83= Ao] At A ixl__E] FAEA S B3 EUAHS
% od HE7E 5T Tl TS nAEAE 7EE £ A "o X2 AR ARE
A o= 2=H|(odds rat1o)~ T2 gg3ied, o=2vE B4 2919 oql'?—"ﬂ e o ME HIGES
o] Q=H7} 18T} 25 B¢ Sy 19 5718
wfjwict Z—)‘\-L*ﬂ} 7”\3]'— ?—*P—E ol EZ} MAYE ghEo] FolA|al, e=H|7t 1T & e SHHT
7F 129 S718 wuieh &R STkshe o R oWIET) Y GEo] ol ou|git

= oL
o, 1

T
et

Bk

i
E
9r
B
k1
il
L
=
%
ti
i
é
=”.=
o
it
ol
E r&
X

7F AR Arke (Table 2) ¢ 2o}, A #4723,
B 2 WhE 299 QAR (- 245,

Table 2. Mean, Standard Deviation, and Correlation Matrix

Variables Mean SD. 1 2 3 4 5 6 7 8
1. Smart factory 1.806 822 1.000
2. CEQ's Entrepreneurship  3.349 A77 084  (813)
3. High-Involvement HRM 4219  2.333 245™ 290" (.773)
4. Cooperative Industrial Relations  3.827 819 -043 242" 185" 1.000
5. Organizational size 52262 61286 252 112 1377 058 1.000
6. Organizational age 20383 10.009 085 -030 029 -027 294" 1,000
7. Capital intensity 1070 1149 -.109 123 046 -008 -032 -028 1.000
8. Past performance 062 086 .007 033 044 092 -067 -124 250 1.000

N=232. "p<.05, “p<.01, ™p<.001
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2. MY BAZE AR A%
FHUP 2vETY LEsEol mfz €43 mA2g SRy Aok <Table 3y ek, WA
Model 1ol BAMA-E AHIshsict, A4, EAR0 R folg vrt =894, pC.05),

st G A(b=.754, p(.05), ZZF=(b= 008 p<.001), AHEFFE (b=-, 252 p<05) So|gt,

22 2, Model 264 & SHH<l CEOA 71971841, B4 Jd8Ad# e, =AM |iEE 51
shdch. WA CEOS] 7|7 Al 74, #4247 SAA os——; SoJ8lA ke Aoz vehgtHb=,153,
p=.603). W&tx] CEO9| 7147Hg4l % l ESTE 2ETHY 1E3S o] S7FE Zolgke H1L
AA A Fgket,

02, B9 AAxdHRT ] B, 2HAH A ()] B3k
th(b=,205, p<.001), ©=H] BAZA 1 2282 JeltE=Y|, o]
/TR 2 ERY AEsFEo] & W SRt &80l 22.8% F8kE A vt wEhA
EYE QAL HAEY FFol EEFE 2vETH 123 101 71 Aolghe H2e AAEA

vt 2 wAMEAlY A, BAAT R wEFeR FAXHSE {3t Aoz ehgTth
(b=-.321, p{.05). 2ZH] £XA7} 0.7252 UYepgEd, ol =AM $20] 18] S718pE ~rlE
T ko] 3 v @ g0l 27.5% Zadhe AL gujdit. webd Al EAE dEE9e
2ntEZR awst FFEo] Ve Aolgs H32 AAHA| gt

]-1:1

2 BAFHCR Fo3t Aoz Yehy

[eR=
© YUY JHAAEE FEe] 199

Table 3. Ordered Logistic Regression Analysis Predicting Smart Factory

Model 1 Model 2
Variables = : = :
coefficient S.EE. odds ratio coefficient SEE. odds ratio
Area dummies
Kangwon -.203 778 815 -.040 784 960
Gyeongsang -.015 333 984 -.086 337 917
Jeolla 126 .356 1.134 074 .365 1.077
Chungcheong -.584 AN 557 -.635 419 529
Subcontractor dummies
contractor only 894" 418 2.444 929" 424 2534
subcontractor only 754 363 2127 990 377 2.692
neither 408 336 1.503 521 344 1.684
Organizational size .008™ 002 1.008 .008™ .002 1.008
Organizational age .0004 013 1.000 .001 013 1.001
Capital intensity -252 125 777 -.287" 128 .750
Past performance 1.353 1.545 3.872 1.300 1.558 3.670
CEQ’s entrepreneurship 153 295 1.166
High-Involvement HRM .205™ .060 1.228
Cooperative Industrial Relations -.321" 163 725
R-squared 053 .082
Chi-square 2772 42.98™
Log likelihood -247.74 -240.11

N=232. "p<.05, "p<.01, ™"p<.001
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v, 22

12 AT AAbY

B AP snlEdg nusir Ut 245 249908 GAHos AFsaA) sl o8
slol & AT CBOS) 7|97k, 2UF QA9 B2 wARA Fo] £25% 2vhEFR
TEsrzol Fold Ao oSl 47 Pz Adstel AFEAE DAt olF AF)
o) 2 A7E B0 FYF FaAEYY 2532008 Yo aBAR SHE ArhEgg nws
ol g M8 =AY SRS Aaselt, $AER, A 7 24e0) 3 BYY AL
ol Fol A4 s 2vlETY nEs) £Fo] /1T FBo| PYHE Ao Uit FAHom,
YUY AR FEol 199 FNT4F 2ohETY nEshiEol & W Leba HEo] 22.8%
Z7bshe Aoz et @9, CEOS] 71970 B4 Akl 7hae] ot ge) 2rhedd
NESEES BolA] g A0 etk 53, HelH wAAel A9 7pae] dlEat vl 2g)
of, WA =AM S0l ¥SFE AviEFE DEFF] GelAE Ao vehd

# A7 ATARE EYR FoIF AAFHE et Bk WA B AFE 2vhETY nEshel

fo rg

Q1S BHAFIth= AdA] ¢JoE zh=t), 200795 202137FA] ZUj oA e ~nlE
T 1308& gH3 o3 - 1AW x(2022)0 w2, 2ufEFF] HgPasls O
Fzo] MAFEIAY H2 BES nEste d, 2Eil 2rfEFR Y] EFES
Tt Zeithe A FollA SAE Zkett olgs sAE SEaA £ AT Ul SAAERYY
232N HE Z2FE HolHE FHEA W] DA FEE 2fESH 153 S gaFo s g8}
Aok HollA] 2o g zteth FF AFdAE oJEg A=yt ot tHo g o]Fojx Kot theksh
ZAF7 2480 FHskeE 3ol a7Hh

A, £ d7e 2vtETEY 2Fe1o R EYE XA HE Y JS st
£zttt 59F AR HEg S 2o 23 £Eo dAALAY AxY FEHE UE ATES T2
AHA AT ATt 22 e thekst Aol v FFS THEE B, 54 Axe =9 22 wsh
(change management)24]19] 7|50l A FESIA & 3H|
A AT FFo] FETE 2vEFTH EYFEo] e A
Y] (strategic human resource management) F-ofol| 7|&sl= nlr} e}, &, E3F 20 A}
212 GA] GAl AFY 2AAAHRE Eole A ol nlEe] AWl AAIHY S T
A, AAREEEY FoA4E HAlE AEsHte Felx 7143k vt Qi

shd, 7ol oS g YA SAMAE 2vtEF 128 FFd AR JFS vtk
AT B A7 F8 3 F et} o4 taiAe 7 71 A A o] 7hsalith. AAlE AT At
a2 BoFRo] FHH =AMAT) oW 93|8 wAREe Fofof| ofd 2ntEFY mYdgro] Hold
T dtke Aotk &, 2nfETH EYo R Qe agSav BEAH 47t sk A sl =54
ZoA oS AANYE F YL, =AF 7] FEHZAR =9 HA A olggt o] FHEAE THsA ol

= n

Ak, whebA] ARG oM e mEAk o] whdg FAJStaL AntERR =S AT gl7] wiel

i..

Mo 2L

HAEd AMBAE FPhe LSS 2vETH TYFTo] WolH S 7ol sl thE g 7ix
342 AAAFAA (reverse-causality) 2] 7HsAdolth. &, FEAo|A] (NP HQ) AIRALSFE ~
nEF 158 $Fo] FFEE o] ol 2rERF 1xd) Fo] P wet AR}
f@dos W3 teAdolt. B A7l 3 2 AgE AEZALR dHolHE =3y ulel
ZAA oA olgfgt AlHdA sAe] RS 7HsAdo] At Wit =53 T 71gel g vz
ARE BEl el dAle] shedel EAY] Wit ofdA| AEeld Fav) st

A AAHOR B AFes ~nlETH 1xste] 2 a0S AASATE oA 9JoE Zhet)
TAHoR, ~ulEFY 1xdtes Fz18laA}l 3 VYge $AHoz By dAxdREE T3 AJFHA

=
2o £EE Fole o] aFE F, 247U GrrASAL Amsln, FelHoln Al

>
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Es gesons Aol dAeE Mok Aol olvs Ane ARelE uE
2 7oA "ast ek ol Bed AN AV Romt FEA won,
o

= U=
AR5 AAARFES FAN 25 GRHES} QPFAEYE WA= ol

O

2. 2 el @A L GF A7

£ A7e e 3 S ATFAlE thed Aok AA, £ AT AAEES dste] 4 A9
2utEZY 1mslpre] A4 80ls AFon), g A ) E Hidl o9&y el Fdw A
(cross-sectional design)7} Zb= $HA|ZHE AH2E § §lot. wehr] £ dFolA AAIE dze] 1o
AS B} B3 Aurr] 943 Fobd A7 (longitudinal design) =& #'d 224 (panel analysis)7}
% 9 =lo] AFE Favt vk A, £ dF = Fuld AiHdelE 1 e Az gus
tgog 7] wEel A7AAE the diel A 7IdEelA dutsk(generalizability)$ 4 glvke
SHAIE Ztett 53], F4719ET ofAkd(slack resources)o] BAFEolvt APFHR-&, A Sl
dolgt F7Ideld ti719e] Ae= £ ATelx tEzl A adle] At e F vk gk, ALk
A& FU7) obd Elrel T2 e Ve ASolw FdE Ayt =EE AR & Al &
gict, wEbA] FF AT E theke A5l AE oF VHES W R AnETH 1xs F£FEe
AA aglo] FAREA| wi= AJolAd] ek FrtdTE da e s AA, dA a1l FHgek 8 ole}
A7R8% 7+ AsAged mE JFEE AT Fu¥(dynamic) HIS FHAE a7t At} o] AFE
E3eiA 2utET] A Q1o R We alEe] o] AY|HE v, AVE QE | FsAES
12g vt Qi ¢lE B9, APTREA SUEA)T 719 AP SU(EA) Y Faatgoe] uet
2 EF =9 9 1Es) FFo] A& FEthd, ArEFRS &85 719ECNA
Hop AFAH] ARXHEE AAE F s Zo R JdEn, di, 2X el 57 9 1FA#AAE Bt
A3 mhotslr] 93k 24 A (qualitative study)7F € st Jdok. 53], B AFdA AAE
Al AR 7HE] =ALRAY B9 SAPEE 31f9] Wek(context)o] EAT £ QlorE 1FtY A}
Zro] ate} wigto] 2mtEFAY Tolol oW FEFS WAl HAUEA ol F vk wEhA FFATA

E=TAE AT AR S A IE RSk AR HEA e gH #AVE 2rEE
22 Hgidee od JFE vHEAE e A=rF a7 En

o 2

P &
i v
)
>
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